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Objective. To evaluate the prognostic value of angiographic criteria and internal carotid artery (ICA) stump pressure
for shunt placement in carotid surgery under local anaesthesia.
Design. Prospective clinical trial at a university hospital.
Materials and methods. In 120 patients a cerebral angiography was initiated before undergoing carotid surgery. Seventy-
five percent of the patients were neurologically asymptomatic, 13% had transient ischaemic attacks and 12% suffered from
previous strokes. The operation was exclusively performed under local anaesthesia and prior to cross-clamping the ICA
stump-pressure was measured. A shunt was inserted only if hemispheric symptoms or unconsciousness occurred
independent of the angiographic findings or stump pressure.
Results. In 23% (27/120) a shunt became necessary and significantly (p , 0.001) more often when there was a cross-flow
towards the contralateral hemisphere (12/20 ¼ 60%) or if the contralateral ICA was occluded (9/13 ¼ 69%). The sensitivity
for not needing a shunt in case of cross-flow towards the side of operation was 91% (52/57) whereas the specificity was 35%
(22/63). ICA stump-pressure was significantly reduced in patients requiring a shunt (31 mmHg) compared to those not
needing a shunt (53 mmHg) (p , 0.001), but no definitive threshold value was found determining the need for shunting.
Intraoperatively, no persistent neurological complication developed.
Conclusions. Angiographic cross-flow was a good, but not perfect predictor for the need of an intraoperative shunt.
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Introduction
Carotid endarterectomy can be complicated by stroke
due to distal embolization, arterial occlusion, intracer-
ebral haemorrhage or global cerebral ischemia. The
routine use of a shunt has been shown to abolish
perioperative strokes.1 A policy of selective shunting
would reduce the complication rate associated with
the shunt itself, such as dissection of the internal
carotid artery (ICA) and shunt thrombosis, but
requires a reliable criteria for shunt insertion. Shunt
insertion criteria are commonly based on EEG,2
somatosensory evoked potentials (SSEP)3 or transcra-
nial Doppler (TCD)4 findings in patients undergoing
surgery under general anaesthesia. On the other hand,
performing carotid endarterectomy under local anaes-
thesia enables the surgeon to directly supervise the
neurological status and, if appropriate, to employ a
shunt.
Especially when operating under general anaesthe-
sia it would be an advantage to preoperatively predict
which patient will need a shunt, since the shunt makes
the operation technically more demanding and carries
potential complications. In this study we examine the
predictive value of transhemispheric cross-flow on
cerebral angiography for the necessity of a shunt
insertion during carotid endarterectomy under local
anaesthesia.
Materials and Methods
Between January 2000 and July 2002 a total of 283
carotid endarterectomies were performed under local
anaesthesia of which 93 took place without a pre-
operative angiography. In 45 patients the angiogram
was insufficiently detailed to comment on the cerebral
vessels. In 25 additional patients intraoperative stump
pressure measurements could not be completed for
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technical reasons. These 163 patients were excluded
from further analysis. The remaining 120 patients had
a selective intra-arterial carotid angiography preopera-
tively performed, and they comprise the study group.
The indication for an angiography was when ultra-
sound findings were inconsistent and/or an ICA
occlusion was suspected.
The median age was 69 years ranging from 45 to 86
years, the majority of patients being male
(86/120 ¼ 72%). Ninety (75%) patients were asympto-
matic while 16 (13%) had had transient ischaemic
attack and 14 (12%) minor strokes referable to a high-
degree (.70%) stenosis. Nine patients (8%) a recurrent
stenosis.
Angiography was performed via femoral access.
Primarily an overview of the main aortic branches was
obtained followed by selective angiography of both
carotid arteries, but selective cannulation of the
vertebral arteries was not performed. Based on the
arch angiogram they were categorized as normal (both
vertebral arteries patent) or abnormal (any reduced
perfusion due to either hypoplasia or stenosis).
The degree of the ICA stenosis was assessed
according to NASCET-criteria.5 Eleven percent (13/120)
of the patients showed a contralateral occlusion of the
ICA, 13% (15/120) presented with a contralateral
stenosis .70% and in 77% (92/120) no hemodynamic
relevant contralateral ICA stenosis was seen.
Cross-flow was registered in the area of the anterior
and middle cerebral artery contralateral to the side of
contrast injection. If any vascular filling of the
ipsilateral hemisphere to surgery was demonstrated,
it was defined as ‘protective’ cross-flow. Cross-flow
towards the contralateral side was classified as ‘not
protective’. In the remaining cases angiographic cross-
flow was missing.
Following angiography one patient developed
headache based on a new infarct in the region
supplied by the ipsilateral posterior cerebral artery
verified by CT. The patient recovered completely and
underwent after 4 weeks carotid surgery without any
further events.
All operations were exclusively performed under
local cervical block anaesthesia. Perioperatively
patients received some sedative medication still
allowing a sufficient supervision of their neurological
condition by testing on demand the squeezing power
of the contralateral hand. An intraluminal shunt
placed if contralateral neurological symptoms or
unconsciousness developed.
In addition, the stump-pressure in the ICA was
prospectively measured to further evaluate the
state of intracerebral arterial flow during carotid
cross-clamping. The decision to use a shunt, though,
was solely based on the neurological status.
After standard endarterectomy of the carotid
bifurcation a patchplasty using dacron completed the
operation, except in two cases in which an autologous
patchplasty was chosen instead. In 6% (7/120) an
eversion endarterectomy was performed. The anti-
coagulation medication consisted of low-molecular
heparin and acetylsalicylacid that was continued
perioperatively.
The data are expressed as mean values and
standard deviation for parametric data. Statistical
evaluation was performed using Chi-square test,
unpaired t-test, univariate factor analysis (ANOVA)
and log regression calculation when appropriate. A
p-value ,0.05 was considered significant. Data are
graphically presented as box-plots.
Results
Overall outcome
No patient developed permanent neurological deficit
during the operation. In three patients a postoperative
ipsilateral stroke occurred, of whom two had an
intracerebral hemorrhage (2 and 3 days postopera-
tively), which led to death in one patient. The third
patient suffered from an occlusion of the ICA 3 h
postoperatively. Despite immediate surgical reinter-
vention the massive stroke led to his death. The 30
days-hospital combined stroke/mortality rate was
therefore 2.5% (3/120). There were three localized
hematomas, which required surgical evacuation and
in two patients a peripheral nerve lesion occurred.
One patient showed primary seizures on the third
postoperative day most probably indicating a hyper-
perfusion syndrome. The further course was
uneventful.
Shunt incidence according to cross-flow
In 27 operations (23%) a shunt was needed and
inserted without any complications after which the
neurological symptoms related to carotid cross-clamp-
ing completely reversed. Fourteen patients developed
hemispheric deficits whereas 13 showed changes of
their state of awareness. Mostly (18/27) these symp-
toms occurred immediately after carotid-cross-clamp-
ing. The remaining nine patients tolerated carotid
cross-clamping for 10 min in average ranging from 4 to
18 min, at which times, a shunt became necessary for
the above mentioned reasons.
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Among patients having had a previous stroke, there
was a higher, but statistically not significant, shunt rate
(6/14 ¼ 43% vs. 21/106 ¼ 20%, Chi-square: p ¼ 0:066).
A cross-flow towards the side of operation was
shown on the preoperative angiography in 57 patients
(48%) of whom only five needed a shunt (9%). Among
those who did not have any angiographic sign of
cross-flow (43/120 ¼ 36%), 10 developed neurological
deficits leading to a shunt insertion (29%). Out of
20 patients with cross-flow towards the contralateral
hemisphere 12 required a shunt (60%). In summary,
there was a significant relation between cross-flow and
the need for shunting (Chi-square: p , 0:0005).
The sensitivity and specificity of ‘non-protective’ or
no cross-flow in predicting the requirement for a shunt
are 91% (52/57) and 35% (22/63), respectively.
Further angiographic characteristics
A protective cross-flow was most commonly seen
(48/57) if there was no or ,70% stenosis of the
contralateral ICA stenosis present. However, if the
contralateral ICA was occluded almost every
patient (12/13) demonstrated intracerebral cross-flow
contralaterally which reached statistical significance
(Chi-square: p , 0:0005).
The need for a shunt was also higher in the group
of patients with a contralateral ICA occlusion
(9/13 ¼ 69%) versus those without a severe stenosis
of their contralateral ICA (16/92 ¼ 17%; Chi-square:
p , 0:0005).
Sixty-six patients demonstrated normal vertebral
perfusion of whom 31 showed ipsilateral, 10 contral-
ateral and 25 no cross-flow. The distribution concern-
ing the direction of cross-flow was similar (Chi-square:
p ¼ 0:826) among those 54 patients who had abnormal
vertebral perfusion (ipsilateral/contralateral/none
cross-flow: 26/10/18).
Likewise, vertebral artery perfusion did not influ-
ence the need for a shunt (shunting in 12/66 ¼ 18%
patients with normal perfusion vs. 15/54 ¼ 28% with
abnormal perfusion, Chi-square: p ¼ 0:21).
ICA stump-pressure
Overall the ICA stump-pressure varied between 13
and 94 mmHg with a mean value of 49 mmHg.
Among the patients requiring a shunt, a significantly
reduced stump-pressure was observed compared to
those who remained neurologically stable during
carotid cross-clamping (31 vs. 54 mmHg, t-test:
p , 0:0005). The individual distribution of stump-
pressure in relation to use of shunt is shown in Fig. 1.
All patients who needed a shunt had a stump-pressure
lower than 47 mmHg.
Multivariate analysis
ICA stump-pressure, cross-flow and contralateral
ICA-stenosis all influenced the shunt rate. A covaria-
tion could be ruled out so that a logistic regression
model was used for further analysis. Although the
perfusion of the vertebral arteries had no direct impact
on either shunt incidence or stump pressure, this
parameter was included in the multivariate tests for
completeness. According to the regression calculation
both cross-flow and ICA stump-pressure can be
considered as independent indicators for shunting
(p ¼ 0:035 and p , 0:0005, respectively) (Table 1). If
cross-flow towards the ipsilateral hemisphere is
present, the probability to need a shunt will be reduced
to 19% compared to patients without cross-flow or
cross-flow towards the contralateral hemisphere. For
each 10 mmHg increase in ICA stump-pressure the
probability to require a shunt drops by 85%.
 
 
 
 
 
 
 
Fig. 1. Individual distribution of stump-pressure related to
shunt use.
Table 1. Multivariate analysis of potential factors indicating shunt
necessity
Parameter p Odds ratio 95% CI
Ipsilateral cross-flow 0.035 0.186 0.039–0.891
ICA stump-pressure 0.0005 0.827 0.756–0.905
Contralateral ICA pathology 0.602
High-degree stenosis
vs. normal
0.575 0.594 0.097–3.662
Occlusion vs. normal 0.46 2.02 0.313–13.018
Vertebral artery patency 0.16 0.373 0.094–1.478
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Due to the small number of cases and wide
standard deviation contralateral ICA pathology did
not independently indicate the need for a shunt.
However, the presence of a contralateral ICA occlusion
suggests an increased risk for shunting (odds ratio
2.02) which agrees well with the results of the
univariate testing.
Discussion
Neuromonitoring in general
Which tool should be used to select patients for
shunting during carotid surgery is a matter of great
debate. EEG is easy to apply but difficult to interpret
due to the influence of either preexisting stroke
changes or the effect of narcotics.2 SSEP generally
provides more reliable results even though falsely
normal measurements can be seen.3,6,7 Refraining
from using a shunt would then increase the risk for
perioperative strokes that could have been prevented.
ICA stump-pressure above 50 mmHg practically rules
out a critical hypoperfusion but with lower values one
cannot predict the necessity for shunting.8,9 The
continuous registration of blood flow in the anterior
cerebral artery by TCD may detect early perfusion
changes. However, the handling is sophisticated and
due to anatomical reasons it might be even impossible
to deduct sufficient flow-signals.
Predictors for shunting under general anaesthesia
Wain et al.10 evaluated cerebral angiographic criteria
and found that “in the presence of cross-filling from
the contralateral carotid artery, shunt insertion was
uniformly unnecessary” during carotid surgery. In
their study the decision to use a shunt solely relied on
SSEP recordings with its known drawbacks.3,6,7
Authors using other means of intraoperative neuro-
monitoring like EEG11,12 or TCD13 could also demon-
strate ischemic changes during carotid cross-clamping
depending on the direction of cross-flow. However, in
the setting of general anaesthesia it should be
discussed whether the criteria for shunt insertion
were perfectly appropriate and whether all those
patients really required a shunt. Others14 based their
indication for a selective shunt use on the ICA stump-
pressure alone and did not experience any neurologi-
cal deficits if patients with a mean stump-pressure less
than 50 mmHg were shunted.
Predictors for shunting under local anaesthesia
While carotid surgery can be performed under local
anaesthesia15,16 (comfortably for both the patient and
the surgeon), the assessment of who is in need of a
shunt can be done exclusively according to the
intraoperative neurological state of the patient. More-
over, one is able to assign its origin to the various phases
of the operation (exposure of the carotid artery–
carotid cross-clamping–patchplasty–reperfusion).
In the present study performing carotid endarter-
ectomy under local anaesthesia we saw a significantly
higher incidence of shunt use when there was cross-
flow away from the operated hemisphere compared to
when there was no cross-flow or cross-flow towards
the operated side. As could be expected, more than
90% of the patients showing a contralateral ICA
occlusion also presented cross-flow towards this
side, i.e. away from the side of operation. However,
not all of these patients required a shunt despite the
fact that none of the internal carotid arteries was
perfused during cross-clamping. Nevertheless, if we
had followed the recommendation that “carotid
surgery can be performed safely without a shunt in
patients with visible protective cross flow”,10 we
would have put five patients at risk of developing
major neurological deficits. Missing cross-flow on
angiography suggests the requirement for a shunt,
however, we found this a poor predictor by awake
neurological testing. Overall cerebral cross-flow
wrongly predicted the requirement for a shunt in
more than a third of the study group (46/129).
The intraoperative cerebral perfusion was better
characterized by the ICA stump-pressure which was
significantly reduced in all patients needing a shunt
and did not exceed 47 mmHg. This cutpoint matches
well with the traditional, empiric recommendation to
use a shunt in patients with a stump-pressure below
50 mmHg.13
Limitations of the study
One of the drawbacks of this study is that patient
numbers in the subgroups are fairly small, but larger
than previously reported.17 An impaired ischaemic
tolerance after previous strokes has been noticed by
others. In the present study there was also a higher
shunt frequency in patients who had suffered a prior
stroke (43% vs. 20%) however, this difference did not
reach statistical significance probably due to the
small sample size.18 The shunt incidence in the
group with a patent contralateral ICA was 17%
which compares well with the reported incidence of
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15–17%.19 The higher proportion of patients with a
contralateral occlusion, though, may have increased
the overall shunt rate to 23% as well as a more selective
surveillance.
Limitations of angiography
Intraarterial angiography might not truly depict
cerebral perfusion as the circle of Willis is complete
and patent in only approximately 20% of the popu-
lation20 not allowing a true differentiation of relevant
perfusion or pressure related causes from anatomical
variations. Moreover, the blood supply via the
posterior portion carries unpredictable capacities to
compensate for limited perfusion in the anterior aspect
of Willis circle. Even patients with bilateral ICA
occlusion do not always suffer clinically from cerebral
vascular insufficiency.21
Additionally, a patent anterior communicating
artery visualized on angiography does not necessarily
mean that the supply to the contralateral hemisphere
is sufficient during carotid cross-clamping verified in
the present article. Babikian et al.22 used TCD and saw
an increase in mean flow velocity in the contralateral
anterior cerebral artery at the time of carotid cross-
clamping with a simultaneous drop in resistance in the
ipsilateral vessel indicating a recruitment of collateral
flow. Again, these observations were made under
general anaesthesia and are difficult to apply as
prognostic values for cerebral ischemia or the need
for shunt placement.
MR angiography (MRA) is increasingly used for
imaging carotid arteries23,24 and has significantly
improved,25,26 although it tends to overestimate the
stenosis severity.27 However, MRA does not allow an
adequate prediction of intraoperative perfusion
because it only gives a static picture.28 The information
provided by selective intra-arterial angiographies in
combination with the unique setting of local anaes-
thesia to evaluate the prognostic value of cross-flow
cannot be replaced by MRA alone.
Conclusions
Based on the results of this study the angiographic
characteristics, especially cross-flow, suggest a certain
degree of tolerance towards cerebral ischemia during
carotid surgery but do not exclusively predict which
patient will eventually need a shunt. Similarly, the ICA
stump pressure is not a definitive prognostic factor,
since an exact threshold value to predict shunt
requirement cannot be identified.
References
1 Bond R, Rerkasem K, Counsell C, Salinas R, Naylor R,
Warlow CP et al. Routine or selective carotid artery shunting for
carotid endarterectomy (and different methods of monitoring in
selective shunting). Cochrane Database Syst Rev 2002; (2):
CD000190.
2 Illig KA, Sternbach Y, Zhang R, Burchfield J, Shortell CK,
Rhodes JM et al. EEG changes during awake carotid endarter-
ectomy. Ann Vasc Surg 2002; 16:6–11.
3 Prokop A, Meyer GP, Walter H. Validity of SEP monitoring in
carotid surgery: review and own results. J Cardiovasc Surg 1996;
37:337–342.
4 Cao P, Giordano G, Zannetti S, De Rango P, Maghini M,
Parente B, Simoncini F et al. Transcranial Doppler monitoring
during carotid endarteriectomy: is it appropriate for selecting
patients in need of a shunt? J Vasc Surg 1997; 26:973–980.
5 North American Symptomatic Carotid Endarterictomy Trial
Collaborators, Beneficial effect of carotid endarterectomy in
symptomatic patients with high grade stenosis. N Engl J Med
1991; 325:445–453.
6 Pedrini L, Tarantini S, Cirelli MR, Ballester A, Cifiello BI,
D’Addato M. Intraoperative assessment of cerebral ischemia
during carotid surgery. Int Angiol 1998; 17:10–14.
7 Schwartz ML, Panetta TF, Kaplan BJ, Legatt AD, Suggs WD,
Wengerter KR et al. Somatosensory evoked potential monitor-
ing during carotid surgery. Cardiovasc Surg 1996; 4:77–80.
8 Moore WS, Hall AD. Carotis artery back pressure. Arch Surg
1969; 99:702–710.
9 Dinkel M, Schweiger H, Goerlitz P. Monitoring during carotid
surgery: somatosensory evoked potentials vs. carotid stump
pressure. J Neurosurg Anesth 1992; 4:167–175.
10 Wain RA, Veith FJ, Berkowitz BA, Legatt AD, Schwartz M,
Lipsitz EC et al. Angiographic criteria reliably predict when
carotid endarteriectomy can be safely performed without a
shunt. J Am Coll Surg 1999; 189:93–101.
11 Lopez-Bresnahan MV, Kearse LA, Yanez P, Young T. Anterior
communicating artery collateral flow protection against ischemic
change during carotid endarteriectomy. J Neurosurg 1993; 79:
379–382.
12 Schwartz RB, Jones KM, LeClercq GT, Ahn SS, Chabot R,
Whittemore A et al. The value of cerebral angiography in
predicting cerebral ischemia during carotid endarteriectomy. AJR
1992; 159:1057–1061.
13 Benichou H, Bergeron P, Ferdani M, Jausseran J-M, Reggi M,
Courbier R. Pre- and intraoperative transcranial Doppler:
prediction and surveillance of tolerance to carotid clamping.
Ann Vasc Surg 1991; 5:21–25.
14 Sweezer WP, Hayes DF, Organ CH. Clinical experience with
carotid stump pressure and EEG monitoring determine shunt
placement during carotid endarterictomy. J Nat Med Assoc 1983;
75:583–587.
15 McCarthy RJ, Walker R, McAteer P, Budd JS, Horrocks M.
Patient and hospital benefits of local anaesthesia for carotid
endarteriectomy. Eur J Vasc Endovasc Surg 2001; 2:13–18.
16 McCleary AJ, Maritati G, Gough MJ. Carotid endarterectomy:
local or general anaesthesia. Eur J Vasc Endovasc Surg 2001; 22:
1–12.
17 Kim GE, Cho YP, Lim SM. The anatomy of the circle of Willis as a
predictive factor for intra-operative cerebral ischemia (shunt
need) during carotid endartriectomy. Neurol Res 2002; 24:
237–240.
18 Jacobowitz GR, Rockman CB, Lamparello PJ, Adelman MA,
Schanzer A, Woo D et al. Causes of perioperative strokes after
carotid endarterectomy: special considerations in symptomatic
patients. Ann Vasc Surg 2001; 15:19–24.
19 Schneider JR, Droste JS, Schindler N, Golan JF, Berstein LP,
Rosenberg RS. Carotid endarteriectomy with routine electro-
encephalography and selective shunting: influence of contral-
ateral internal carotid artery occlusion and utility in prevention
of perioperative strokes. J Vasc Surg 2002; 35:1114–1122.
M. Aleksic et al.644
Eur J Vasc Endovasc Surg Vol 27, June 2004
20 Deutsch L-S. Anatomy and angiographic diagnosis of extra- and
intracranial vascular disease. In: Rutherford RB, ed. Vascular
Surgery. Philadelphia: WB Saunders, 2000: 1752.
21 Lazarides M, Kalodiki E, Williams M, Christopoulos D,
Nicolaides AN. Natural history of chronic bilateral internal
carotid artery occlusion. Int Angiol 1991; 10:209–212.
22 Babikian VL, Schwarze JJ, Cantelmo NL, Pochay V, Winter
M. Collateral flow changes through the communicating artery
during carotid endarteriectomy. J Neurol Sci 1996; 138:53–59.
23 Lenhart M, Framme N, Volk M, Strotzer M, Manke C, Nitz
WR et al. Time-resolved contrast-enhanced magnetic resonance
angiography of carotid arteries: diagnostic accurancy and inter-
observer variability compared with catheter angiography. Invest
Radiol 2002; 37:535–541.
24 Remonda L, Senn P, Barth A, Arnold M, Lovblad KO,
Schroth G. Contrast-enhanced 3D MR angiography of the
carotid artery: comparison with conventional digital subtraction
angiography. AJNR 2002; 23:178–179.
25 Sundgren PC, Sunden P, Lindgren A, Lanke J, Holtas S,
Larsson EM. Carotid artery stenosis: contrast-enhanced MR
angiography with two different scan times compared with digital
subtraction angiography. Neuroradiology 2002; 44:592–599.
26 Wikstrom J, Johansson LO, Rossitti S, Karacagil S, Ahl-
strom H. High-resolution carotid artery MRA: comparison with
fast dynamic acquisition and duplex ultrasound scanning. Acta
Radiol 2002; 43:256–261.
27 Nederkoorn PJ, Elgersma OEH, Mali WPT, Eikelboom BC,
Kappelle J, van der Graf Y. Overestimation of carotid artery
stenosis with magnetic resonance angiography compared with
digital subtraction angiography. J Vasc Surg 2002; 36:806–813.
28 DePippo PS, Ascher E, Scheinman M, Yorkovich W, Hingor-
ani A. The value and limitations of magnetic resonance
angiography of the circle of Willis in patients undergoing carotid
endarterectomy. Cardiovasc Surg 1999; 7:27–32.
Accepted 5 February 2004
Angiography Predicting Cerebral Ischemic Tolerance 645
Eur J Vasc Endovasc Surg Vol 27, June 2004
